Roselle (Hibiscus sabdariffa L. var. altissima Wester) is a bast fiber crop of global economic importance. Although West Africa is considered the centre of diversity, roselle research and utilization is widely ignored. The awakening of industrialization in Ghana presents roselle as a candidate crop for exploration, however, information on genotypes of economic importance is lacking. Our objective was to map roselle population hotspots in northern Ghana and examine genetic variability therein. Thirty-six roselle accessions collected from five regions in Ghana were planted in field trials using a 6 × 6 lattice square design in three replications and evaluated for seven qualitative and four quantitative morphological traits covering plant type, leaf and stem characteristics, and growth habit. Data were analysed by Shannon-Weiner Diversity Index (SDI) and analysis of variance. A large variability was identified between the accessions. The mean SDI values in the 18 districts ranged from 0.53 to 0.73 with Savelugu-Nanton district having the largest diversity and having accessions with the highest mean plant height of 308.27±48.91 cm, highest branching point at 107.19±64.66 cm, and few branches not exceeding 5.0 in number. Majority of the accessions exhibited low branching points. The most variable trait was branch number with SDI of 0.83±0.12. Accessions HA-07, HA-11, HA-12, HA-21, and HA-33 ranked highest with respect to plant height with few branches at high branching points, and large basal diameter. The ample diversity in roselle and identification of genotypes of economic importance await their exploitation for genetic improvement, particularly for fiber yield.
The current stringent environmental regulations and restrictions on synthetic fibers have led to increase in demand for roselle as source of bast fiber for upholstery and sac making, for paper pulp, as a salt-resistant cordage, and as composite for electronic and building materials. In Ghana, roselle use is limited to culinary aspects for its leaves and seeds.
Current interest in roselle fiber for commercial cultivation in Ghana necessitates collection, evaluation, genetic improvement and conservation, however, scientific information on characterization of roselle types in Ghana is limited. An agro-morphological characterization and molecular profiling by Random Amplified Polymorphic DNA (RAPD) markers of roselle collection in Ghana contained only three altissima genotypes, the rest being sabdariffa types (Coffie, 2016) . This study revealed that contrary to reports of lack of variability in exotic genotypes of roselle to merit success with genetic improvement (Hanboonsong et al., 2000; Yusof & Saud, 2009; Omalsaad et al., 2014) , a large variability existed in the West African sabdariffa genotypes (Coffie, 2016) .
Efficient utilization of a crop is largely dependent on the nature and magnitude of its diversity for genetic improvement in yield, disease resistance, and quality characteristics (Dudley & Moll, 1969; Chand et al., 2008) . Agro-morphological characterization is a common system for estimation of genetic diversity as it uncovers phenotypic differences, relationships among genotypes, and evolutionary history of the crop. Genetic diversity estimation by phenotypic characterization encompasses estimation of both within and between population variations. Within-population diversity estimates the number of unique classes within a population as richness, and the relative abundance of the genotypes within the classes as evenness. A population with large number of diverse genotypes that are equally distributed will have high richness diversity index, whereas that with few diverse genotypic groups will have low diversity index (Brower & Zar, 1977) . Four most common estimates that measure diversity as a composite of the two assessments include Berger-Parker index (Berger & Parker, 1970) , McIntosh (1967) , Simpson (1949) , and Shannon-Weiner diversity index (SDI) (Shannon & Weaver, 1949 ). Simpson's index, which predominantly estimates evenness, relies on the few most abundant species to estimate diversity without considering the rare species, (Risser & Rice, 1971; Loya, 1972; Whittaker, 1972) . Berger-Parker Index has been used extensively to establish the more abundant species within a community and estimates species richness (May 1975 ). Shannon's diversity combines both richness and evenness but is influenced by the number of species (Pielou, 1969) . DeJong (1975) reported that the McIntosh diversity index overcomes the sample size effect of Shannon's and estimates diversity as a percentage of the maximum possible diversity attainable by that sample size. The standardized Shannon diversity index which ranges from 0 to 1.0 is more useful as it allows for comparison of accessions on the same scale. Medagam et al. (2015) reported SDI of Indian vegetable roselle (H. sabdariffa var. sabdariffa) for plant characteristics, leaf yield, and total biomass as 0.358 to 2.00. To the best of our knowledge, the diversity and genetic variability within the roselle fiber types in Ghana has not been assessed. Similarly, the distribution of variation in roselle populations in the northern sector of Ghana where roselle originates is not known. We report the genetic variation in roselle fiber types in a northern Ghana collection assessed by morphological traits.
Materials and Methods

Plant Material
Seeds of thirty-six accessions of roselle, designated HA-01 to HA-36 were collected from mature naturally growing wild plants on farmers' field in 18 districts covering five regions of Ghana at longitude 0.24°W in Bawku to 2.51°W in Wa and latitude 6.66°N in Kumasi to 11.05°N in Bawku. The elevations covered 132 to 408 m.a.s.l. (Figure 1 ). Seed collection was guided by farmers' indigenous knowledge. Seeds were planted from July to December 2016 on the research fields of the Department Horticulture, Kwame Nkrumah University of Science and Technology, Kumasi, located at longitude 1.41°W to 1.60°W and latitude 6.71°N to 6.75°N. The experiment design was a 6 × 6 lattice square with three replications. Plot size was 0.5 m × 2.0 m with plant spacing of 25 cm × 50 cm separated by an alley of 0.5 m to give a plant density of 150,000 plants/ha. Irrigation was carried out as and when needed. Pre-emergence weeds were controlled with Round-Up Ready (glyphosate, 360 g/L) at a rate of 3.5 L/ha. Post-emergence weeds were cleared from the field by hand weeding using a hoe. The predominant insect pests, cotton stainers (Dysdercus sp.), cabbage fly (Delia radium), and thrips (Thysanoptera) were controlled with Sumitex (dimethoate, 400 g/L) applied at a rate of 1 L/ha.
Data Collection
At 120 days after planting, data were collected on 7-10 competitive plants per plot. Six qualitative traits on leaf, stem, and growth habit, and four quantitative traits, namely, plant height, height at first branching, branch number, and basal diameter were recorded. Leaf colour was evaluated as the predominant colour of the leaf blade (uniformly green = 1, pigmented = 2); and leaf size was recorded as appearance of width of leaf (slender = (1) log n ) and each were
Results
Variation in Plant Characteristics
The within and between population variation in 36 accessions of roselle fiber type collected from 18 districts in Ghana were investigated by morphological trait assessment in a field study in Kumasi, Ghana. Bolgatanga district was represented by seven accessions (19.44%), Kassena-Nankana by five accessions (13.89%), Kumasi and Savelugu-Nanton districts had three (8.33%) accessions each, Ejura-Sekyedumase, Sissala, Tamale, and Techiman districts were represented by two (5.56%) accessions each, while Bawku, Ejisu-Juaben, Garu-Tempane, Gowri-Yorogo, Kintampo, Mampong Sagnarigu-Garu, Talensi, Wa and West Mamprusi had one (2.78%) accession each.
In all, 703 plants were evaluated. Accessions exhibited ample variability in, leaf shape, plant type, and branching habit as they had three distinct categories of plant types. In contrast, leaf colour, leaf size, and stem pubescence were uniform and less variable ( Table 1 ). The distribution of plant characteristics were 423 (63%) uniformly green, 180 (27%) pigmented, and 71 (10%) uniformly red, 396 (59%) plants with few branches, 238 (36%) with intermediate branching, and 33 (5%) plants with extensive branching. Branching height was less variable with 547 (82%) having low branching points, 71 (11%) with intermediate branching, and 48 plants (7%) with high branching points. Stem pubescence was less variable. Majority of the plants (78%) were hairy, rough, or prickly, and 22% had smooth stems and leaves. Variation in leaf colour and leaf size was low. A large number, 646 plants (96%) had green leaves, and 28 (4%) were pigmented. Regarding leaf size, majority of the plants 639 (95%) had slender leaves and 35 (5%) had broad leaves. Ample variability was present in leaf shape with 456 (68%) being tri-lobed, 139 (21%) were penta-lobed, and 79 plants (12%) had entire leaves. 
Variation in Quantitative Traits
Mean squares of genotypes were highly significant (P < 0.01) for three traits, namely, plant height, height at first branching, and branch number. Basal diameter was also significantly different (P < 0.05) among the genotypes. Based on the coefficient of variation, height at first branching (16.39%) and branch number (25.47%) had more widely dispersed values than plant height (4.48%) and basal diameter (10.81%) ( Table 2) . Plant height and height at first branching of the accessions were significantly different (P < 0.05) from one district to another, whereas branch number and basal diameter were not different (Table 3) . 
Variability in Districts Accessions
Variability in the accessions from different districts was remarkable. Analysis of variance for the district data produced highly significant (P < 0.001) mean squares for plant height, height at first branching, branch number and basal diameter (Table 3) . Note. *P < 0.05; **P < 0.01.
The most desirable trait in roselle is fiber yield, which is influenced by large values of plant height and basal diameter, high branching points, and low values of branch number (Maiti and Chakravarty, 1977) . Vol. 10, No. 9; 2018 Figure 2. Frequency of Shannon Weiner Diversity Index among 36 roselle fiber accessions evaluated in Ghana in 2016
Discussion
Roselle fiber type is an important commodity that is marketed around the globe for its multipurpose bast fiber. A recent interest in roselle fiber in Ghana for economic expoitation necessitates its evaluation to identify important economic traits, useful accessions of commercial value, and to estimate the genetic diversity therein for genetic improvement and conservation.
The unequal distribution of the accessions in the study area indicates that roselle fiber type is not very well known among the localities compared to the more common vegetable type, except for the indigenous folks who make tethers from roselle for their livestock. Rapid rate of urbanization in the northern sector of Ghana may have contributed to lack of knowledge of this germplasm. Additionally, seed morphology for the fiber and vegetable roselle are similar, and information on morphological differences in the seeds is not available, so that roselle fiber type seed collection is fraught with challenges. An informed and well-planned seed collection by a team of taxonomists and the indigenous people should provide a more accurate roselle fiber type germplasm collection and this is urgently needed.
The large variability in plant type, branching habit, and leaf shape were also reported by Alam et al. (2006) among four Bangladesh Hibiscus species, the H. sabdariffa, H. cannabinus, H. acetosella and H. radiatus. Plants having uniformly green stems, few branching and high branching points are more desirable for fiber production than pigmented, extensively branched and low branching types. Youngberg (1929) confirmed a 5% yield advantage in green over pigmented roselle. The indigenous folks testify that they extract fiber from green roselle but not from the pigmented genotypes for claim of good fiber yield and quality. This claim needs validation through a scientific research program. The less variable height-at-first-branching, stem pubescence, leaf colour, leaf size, and stem pubescence appeared to be traits that are conserved in the bast fiber plants of Hibiscus species, including H. sabdariffa variety sabdariffa (Coffie, 2016; Siepe et al., 1997) , H. cannabinus (Faruq et al., 2013, and H. vulgaris, H. rosens, H. mutabilis (Siepe et al., 1997) .
Large variability in plant height, branch number, and basal diameter were also identified in H. sabdariffa var. sabdariffa from West Africa (Coffie, 2016) , Asia and Europe genotypes (Siepe et al., 1997) , H. cannabinus accessions from Kenya, China, U.S.A. and Australia (Faruq et al., 2013) . This large variability means that genetic improvement in these traits via selection is possible. The differences in the quantitative traits may be attributed to varying genotypic differences. A plant height of 164 to 389 cm falls within the range of plant height of H. sabdariffa var. altissima which can grow from 250 to 500 cm and is usually branchless (Eltayeib and Elaziz, 2014) . Plant height and branching in roselle is governed by day length and temperature and its effect on flowering (Dempsey, 1975; Tindall, 1983) . Roselle is ambiphotoperiodic whereby it flowers in short days and also in extremely long days (Mansour, 1975) . Once roselle plants flower, vegetative growth slows down. Because roselle is used for fiber and paper pulp, the length and thickness of the stem determine fiber yield. Short stems arising from early flowering or poor nutrition and irrigation limit yield. A short day length of 8 h promotes more flowering, many branches, short plant height, and shallow tri-lobed leaves with upper slender leaves, whereas long days of 16-h light induces vegetative growth with few branches, tall plants, and deeply lobed leaves. The climate in the study site consisted of 12 h 30 min in July 2016 which reduced to 11 h 44 min in Vol. 10, No. 9; 2018 December 2016. Temperature ranged from 22 o C to 31 o C, a typical intermediate day length (World Weather and Climate Information, 2016) . Although 106 plants were tall, only two accessions (HA-07 and HA-11) had few branches, while 188 plants had intermediate height with few branches. On the basis of tall plant height and large basal diameter, high but few branching the most important traits for selection of genotypes for bast fiber production and quality include HA-07, HA-11, HA-12, HA-21, and HA-33 from Techiman and Bolgatanga Municipal, Kassena-Nankana, and Savelugu-Nanton districts in the Brong Ahafo, Northern and Upper East regions of Ghana. These accessions had plant height in excess of 250 cm, basal diameter greater than 20 mm, maximum of four branches at branching heights exceeding 130 cm. Low branching points and extensive branching interrupt the fiber strands and reducs fineness. Maiti and Chakravarty (1977) indicated that the strong environmental influence on plant height and basal diameter makes prediction and selection for fiber yield a complicated task in roselle, however, an additional parameter, which is the length of the vegetative growth period highlights the plant's economic value for fiber. On the basis of diversity index and fiber yield characteristics, roselle hotspots in northern Ghana include Savelugu-Nanton, Tamale Metropolitan, Gowri-Yorogo and Talensi districts. Other districts of large diversity include Wa Municpal and Ejura-Sekyedumase. A more robust and well-planned collection of accessions from all the hot spot regions in northern Ghana is needed. In addition, evaluation of roselle accessions in their collection sites would be required to ascertain a genotype by environment interaction component that contributes to the variability. The fairly high variability observed among the H. sabdariffa var. altissima accessions in this study was unexpected as roselle plant is self-pollinating. The environment and most probably mutation that had accrued over several generations may have contributed to the observed variability. To the best of our knowledge, this is the first report on H. sabdariffa var. altissima diversity in Ghana.
Conclusion
In conclusion, a large variability resides in the roselle accessions of northern Ghana. This variability is indicative of a rich diversity which may be harnessed for improvement in economic traits such as fiber yield and quality. The differences in the diversity among the districts would be beneficial to a systematic collection of roselle in northern Ghana. .
